The aim of our study was to evaluate the association between variant genotype of angiotensinogen (AGT) c.-58A>C, lifestyle factors and clinical factors and corporeal extension of gastric inflammatory and preneoplastic lesions. Methods: Our study included 209 subjects who underwent a complete set of gastric biopsies, followed by genotyping. They were included to study inflammatory gastric changes and preneoplastic lesions and were grouped according to the localization of changes. Results: No significant statistical associations were noticed between AGT c.-58A>C genotypes and the corporeal extension of the inflammation or preneoplastic injury groups. Extending preneoplastic lesions to the gastric body was associated with smoking habits (p=0.01) and additionally, there was a significant association between nicotine consumption and the body extension of preneoplastic lesions (p=0.01). The use of acenocoumarol was frequently associated with the progression of histological lesions to preneoplastic lesions (p=0.01). Compared with the wild-type AA genotype, the combined genotypes AA+CC of AGT c.-58A>C were significantly associated with the progression of inflammatory gastric lesions' according to the regular ingested doses of nonsteroidal anti-inflammatory drugs (NSAIDs). Conclusion: The AGT c.-58A>C polymorphism is not associated with extension of the gastric lesions. In accordance with nicotine and alcohol consumption, the acenocoumarol co-treatment and multiple cardiac pathologies are associated with the corporeal progression of these injuries. The age below 70 years and NSAIDs treatment for the patients with heterozygous AC genotype and variant homozygous CC genotype for the mentioned SNP have been associated with the corporeal extension of gastric inflammation.
Introduction
Recent evidence provided by global cancer societies highlights that cancer remains a major cause of death worldwide, estimating 9.6 million deaths in 2018. One of the most common malignancy worldwide is gastric cancer which remains the third cause of death (783,000 deaths annually) of all malignancies globally (1, 2) . Nevertheless, the rate of incidence of this type of cancer has fallen in last decades due to some factors, which together constitute primary prevention and which include increasing hygiene standards, balanced nutrition, and eradication of Helicobacter pylori (H. pylori) (3) . Gastric cancer tends to develop slowly over several years, premalignant lesions often occurring in the stomach mucosa. It is known that initial changes cause very rare symptoms, patients being usually diagnosed in an advanced phase of the disease. Furthermore, for patients' monitoring, assessment, and inclusion in national or regional health programs, adequate knowledge of risk factors is required. Mucosal inflammation is a complex biochemical protective mechanism to the gastric cellular tissue injury. The most frequent type of gastric cancer, namely intestinal cancer, develops through a cascade of recognizable precursors, initially by inducing chronic gastric inflammation that progresses to atrophy, metaplasia, dysplasia, and carcinoma. Risk factors such as intragastric distribution and extent of histological changes were identified for gastric cancer (4) . Also, this process is multifactorial, with both lifestyle and genetic factors impact in it. Recognizing and studying these factors can be an effective step for preventing and minimizing their impact worldwide (5) . The renin-angiotensin system (RAS) has a regulatory role in cardiovascular and renal physiology. Over the last decade, several studies have shown that RAS evolved from a straightforward linear pathway through a two-stage process. The angiotensinogen (AGT) is converted to angio-tensin I (Ang I) and angiotensin II (Ang II) by the enzyme conversion of renin and angiotensin (ACE) in a structure involving ACE correspondents and different angiotensin peptides. These final products have several additional functions and a counter-regulatory role (6) . Recent epidemiological studies suggest that the renin-angiotensin system plays a significant role also in carcinogenesis, not just in homeostasis (7) . Regarding RAS involvement at gastric level, RAS components were found in the biopsy samples of the gastric antrum and corpus mucosa from healthy adults (8) . In mesenchymal cells of the lamina propria and vascular endothelial cells, renin and angiotensin were aborted. Over time, several functional or pathogenic roles that have been attributed to RAS, were described in the literature. (9) . A role of this system seen in gastric inflammation is about a higher expression of angiotensin type 1 receptor (ATR1) in patients with positive H. pylori and a significant amplification of neutrophil infiltration (8) . To date, the relationship between AGT polymorphisms and their associations with gastric lesions is still unclear, although there are some studies that are focused on the evaluation of the gene variants involved in RAS and involved in the development of gastric cancer (10, 11) . Moreover, it has been recently reported that AGT c.-58 A>C polymorphism influences the AGT promoter activity and blood levels of AGT, being associated with gastric cancer susceptibility (10, 12) . Thus, we performed this study, in order to evaluate the associations between variant genotypes of AGT c.-58A>C, lifestyle (drugs, smoking, alcohol) and clinical factors and corporeal extension of gastric inflammatory and preneoplastic lesions.
Material and methods

Subjects
Our study consisted of 209 subjects with a mean age of 61.55 ± 13.76 years, referred to 3 rd Med-ical Clinic of Târgu Mureş Emergency County Hospital for endoscopic evaluation. The study protocol was approved in advance by the Ethical Committee of the Emergency Clinical County Hospital of Târgu Mureș. All subjects included in the study signed the informed consent. We collected clinical and medical data of consecutive patients referred for endoscopy, with at least four routine biopsies, two from the antrum and two from the corpus. Firstly, the genetically tested subjects (n=209) were included in the study and they were grouped according to the type of lesion, inflammatory and preneoplastic. Then they were divided according to the localization of lesions into the antrum gastritis group, antrum and/or body gastritis group and the control group without gastric inflammation/ premalignant lesions. All associations were evaluated taking into account this classification. In the inflammatory lesions group the subjects were divided into antrum gastritis group (n=18), antrum and/or body gastritis group (n=107) and the control group (n=84) without gastric inflammation. In the preneoplastic lesions group the subjects were divided into antral group (n=35), antrum and/or corpus gastric group (n=39) and the control group (n=130) without premalignant lesions. Multiple data on alcohol or tobacco consumption have been recorded, for which chronic alcohol users were considered to have consumed at least ten units of pure alcohol per week and those patients who smoke more than 5 cigarettes/day or those who quit smoking nicotine in the last 5 years have been considered smokers. Regarding the administration of associated therapy, we investigated the possible side effects of regular doses of non-steroidal anti-inflammatory drugs given at least one week before endoscopy, of long-term antiplatelet therapy (low-dose aspirin 75-100 mg/day) as well as doses for therapeutic INR (International Normalized Ratio) of acenocoumarol ingested at least one month before endoscopy. In addition, personal pathological history data on other associated co-morbidities, such as high blood pressure, presence of cardiac disease with or without heart failure or diabetes mellitus diagnosis, have been collected. Each diagnosis was proven by specialists blinded to the clinical registrations, both endoscopically and histopathologically, using a modified Lanza score (13) , respectively the update version of Sydney System for classification of the gastric injuries.
Genotyping of AGT c.-58 A>C
DNA was extracted from venous blood samples of each subject collected in EDTA (Ethylenediaminetetraacetic acid)-containing tubes, using a commercially available kit (Quick-gDNAMini-Prep, ZymoResearch, USA). The genotypes of the investigated polymorphism of AGT gene, namely c.-58 A>C gene polymorphism, were established by using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique and specific restriction enzyme as previously described (14, 15, 16) . The inclusion criteria for both groups were: adult subjects without malignancies, with complete medical and clinical data, referred for endoscopic evaluation, with at least four routine biopsies (two from the antrum and two from the corpus) who signed the informed consent. The subjects with negative endoscopy and without histologic lesions were included in the control group. The subjects who did not meet simultaneously all the inclusion criteria and also the subjects in whom the blood was not harvested on EDTA-containing tubes, were excluded.
Statistical analysis
Differences in the AGT c.-58 A>C genotypes/ allele frequency between the control and inflammatory or premalignant lesion groups, the association among these and the lifestyle factors were determined by the Chi 2 analysis with Yates's correction where appropriate or with Fisher test, using GraphPad Prism 8 version (GraphPad Software Inc., California, USA). The p-value < 0.05 was considered to indicate statistically significant differences.
Results
The genotypes and alleles distribution between the groups is illustrated in Table 1 . No significant associations (p>0.05) were noticed between AGT c.-58A>C genotypes (wild-type AA, heterozygous AC, and variant homozygous CC), alleles and the corporeal extension of the inflammation from without gastric inflammation towards antral gastric inflammation and antral and corpus or gastric corpus inflammation. Similar results were obtained for the corporeal extension of the preneoplastic injuries from without gastric preneoplastic lesions towards antral and/or corpus gastric preneoplastic wounds (Table 1) . Regarding the demographic and clinical aspects of patients, divided into three groups for each type of lesion, ageing was not associated with the evolution of gastric lesions (p>0.05). Our data revealed a significant difference regarding some behavioral factors and the corporeal extension of the inflammatory lesions. Extending preneoplastic lesions to the gastric body was associated with smoking habits [p=0.01, χ2=8.10, degrees of freedom (df)=2] and additionally, there was a significant association between nicotine consumption and the type of body extension (antral, antrum and/or corpus gastric) of the preneoplastic lesions (p<0.01, χ2=6.68, df=1). We investigated the possible side effects caused by the most frequent medications used globally, NSAIDs, the long-term antiplatelet therapy and the ingestion of acenocoumarol drug on extension of gastric histologic changes using bivariate analysis, both on gastric inflammatory lesions and on preneoplastic lesions. There was no significant association between antiplatelet or NSAIDs consumption between patients without histologic lesions and patients with inflammatory or preneoplastic lesions at the antrum or corpus gastric level. Nevertheless, the frequent use of acenocoumarol was associated with the histologic lesions through progression from without gastric premalignant injuries to preneoplastic lesions in the antrum and corpus or corpus gastric mucosa (p<0.01, χ2 =9.55, df=2). For the patients included in the study, cardiovascular disorders, such as high blood pressure had a tendency toward statistical signification for a positive association with the progression of preneoplastic gastric lesions (p=0.05, χ2 =5.71, df=2). Moreover, we found a significant association between these comorbidities and the corporeal extension of the preneoplastic lesions (p=0.02, χ2 =5.09, df=1). As shown in Table 2 , the age below or equal to 70 years in accordance with heterozygous and variant homozygous genotype was significantly associated with the body extension of inflammatory lesions at the gastric level (p=0.04, χ2=4.15, df=1). The bivariate data analysis highlights a statistically insignificant result between the combined genotypes AC+CC of AGT c.-58 A>C single nucleotide polymorphism (SNP) and the extent of inflammatory or premalignant gastric injuries in association with the lifestyle factors, like smoking habit or alcohol consumption. Compared with the wild-type genotype (AA), the combined genotypes with the variant allele (AC+CC) of AGT c.-58 A>C SNP were significantly associated with progression of the inflammatory gastric lesions in subjects who regularly ingested doses of NSAIDs (p=0.04, χ2=6.1, df=2). Furthermore, we noticed a significant association between the combined variant genotypes and the corporeal extension of the gastric inflammatory lesions (p=0.01, χ2 =6.03, df=1). A statistically significant association was observed between patients without cardiovascular disease with the variant alleles of AGT c.-58A>C SNP and the progression of inflammatory gastric lesions (p=0.02, χ2 =4.82, df=1) ( Table 2 ).
Discussion
The present study was designed to evaluate the associations between AGT c.58 A>C SNP, lifestyle (drugs, smoking, alcohol) and clinical factors and corporeal extension of gastric inflammatory and preneoplastic lesions. (17) . Numerous studies highlight the influence of the chemical components of cigarette smoke (increasing apoptosis, decreasing cell proliferation, blood vessel formation and the synthesis of mucus in the gastrointestinal mucosa by interfering epidermal growth factor level and polyamines synthesis which are important in keeping the mucosal integrity) on the progress of ulcer and the delay in healing this pathology (18) . Similar to these findings, our results underline the attribution of smoking in the development of preneoplastic gastric lesions and their role in the corporeal extension of these types of injuries.
There are no clear published data regarding the influence of drug consumption and inflammatory or premalignant gastric changes. The research performed by Shen XM. et al in a case-control study on 168 patients with resectable gastric cancer showed that the pre-operatic mean platelet volume (MPV) was significantly higher in patients with gastric cancer compared with the healthy control group and a low pre-operatic MPV level and antiplatelet therapy independently related to better histopathological features and improved overall survival in gastric cancer patients (19) . On the one hand, there is a concordance of our findings regarding that NSAIDs and antiplatelet therapy was not associated with the occurrence of inflammatory or premalignant gastric lesions (p>0.05) and the data described in the literature which demonstrate that regular use of non-selective NSAIDs, including aspirin, is an effective chemopreventive strategy for the development of gastric cancer. However, there are other studies that describe the causative inflammation role of NSAIDs in colorectal cancer, infections, polyps, or enteropathies (20) . On the other hand, our results highlight that patients undergoing anticoagulation therapy are predisposed to the body extension of pre-existing premalignant lesions, fact sustained by a statistically significant association. It is recognized that apart from hypertension, heart failure and coronary heart disease were not clearly established as risk factors for premalignant gastric lesions. In the present study, we found a positive association between cardiovascular diseases and the preneoplastic gastric lesions. Moreover, our findings revealed a significant association between these comorbidities and the corporeal extension of the preneoplastic lesions. Other studies underlined the fact that in patients with cardiovascular diseases (coronary artery disease, heart failure, peripheral arterial disease or cerebrovascular disease), chronic statin therapy has a potential protective effect and appears to be associated with a reduced risk for premalignant gastric lesions (21) . Taking into account the reports on the association of 8 polymorphisms of the genes involved in RAS system, respectively on the ACE gene, ATR1 and AGT genes, including the c.-58 A>C polymorphism and cardiovascular studies, one suggests that Chinese patients who have a specific genetic variation or polymorphism in these genes may be more liable to develop atrial fibrillation when exposed to lifestyle factors that elevate atrial pressure (22) . In our study, we noticed that the presence of AC/CC genotypes of AGT c.-58 A>C was associated with the progression of gastric inflammatory lesions in patients without cardiovascular disease. Contrariwise, recent research in this respect, demonstrates that congestive heart failure has a tendency towards statistical significance in influencing the progression of critical gastro-duodenal lesions (23) . In literature, the findings of large-scale follow-up studies are principally all in agreement that inflammatory and premalignant lesions increase with age (24) . In the study performed by Heuch et al, in one Norwegian population on 572 cases of gastric cancer diagnosed in women aged less than 80 years, underlined that age was inversely associated with gastric cancer (25) . Likewise, we also found an association between both heterozygous and variant homozygous genotype for AGT c.-58 A>C and the corporeal extension in the gastric inflammation in patients aged less than or equal to 70 years, suggesting the association of genetic variants and lifestyle factors in gastric histopathological changes, according to age. For the same SNP, the subjects with heterozygous (AC genotype) and the variant homozygous (CC genotype) with regular doses of NSAIDs ingestion had a significantly high occurrence of gastric inflammatory lesions. In addition, there is a significant association between combined variant genotypes, ingestion of regular doses of NSAIDs and the corporeal extension of the gastric inflammatory lesions. Similar with our findings, previous studies reported that variant C allele and variant homozygous (CC) genotype, were simultaneously associated with H. pylori infection, NSAIDs co-therapy, gastro-duodenal ulcer occurrence in low-dose aspirin consumers (26) . The small number of cases included in our study, from a single geographical region, as well as from a single medical clinic, are the limitations of the present research. Overall, according to our knowledge, this study underlines the idea that it is the first to investigate the associations between AGT c.-58A>C SNP, lifestyle (drugs, smoking, alcohol) and clinical factors on corporeal extension of gastric inflammatory and preneoplastic lesions. However, further studies are required for the elucidation of the role of RAS on the progression of different types of gastric lesions in relation to other diseases, treatments or lifestyle factors.
Conclusions
Given the results of the current study, the AGT c.-58 A>C polymorphism in the RAS was not associated with the extension of the gastric lesions, both the inflammatory and the preneoplastic lesions. However, in association with lifestyle factors (smoking and alcohol consumption), acenocoumarol co-treatment or multiple cardiac pathologies are associated with the corporeal progression of these injuries. The age below 70 years and NSAIDs treatment for the patients with the heterozygous AC genotype and the variant homozygous CC genotype for the mentioned SNP have been associated with the corporeal extension of gastric inflammation. More frequently the progression of gastric inflammatory lesions was observed in patients without cardiovascular disease in the presence of AC/CC genotypes of AGT c.-58 A>C.
